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Special Considerations

Abstract

Attachment C is intended to incorporate new seismic technology that might be of
specific use in bridges. Seismic isolation is one alternative that has not been used
extensively at Caltrans, but should be considered as an option. It is possible that the
future might embrace this technology with competitive economics that enable the
designer to choose that alternative more freely. Also discussed in this attachment is
the curvature analysis/displacement capacity approach that should be considered as
an alternative to the prescribed moment ductility retrofit analysis procedure.

Seismic Isolation

Seismic Isolation is a method to reduce seismic loadings applied to a structure
through added flexibility and energy dissipation. Additional flexibility lengthens the
natural period of a structure along the acceleration response spectrum. The length-
ened period can significantly reduce seismic forces to a level which approaches
elastic capacity for structures founded on rock or in compact granular soils. Thus,
damage can be averted and structures can remain serviceable following a major
seismic event. Relative displacements between substructure and superstructure can
be limited to a practical design level by controlling damping and energy dissipation
characteristics of isolators.

A bridge where the superstructure is supported by rocker type bearings is a good
example of a Seismic Isolation retrofit candidate. Installation of Seismic Isolation
bearings at hinge locations at the top or bottom of multi-column bent structures is also
possible. By replacing the existing bearings with Seismic Isolation bearings, force
levels could be reduced to the point that no substructure retrofit be required.
Therefore, isolation is particularly attractive where conditions at the base of the pier
prohibit, or significantly impede, common retrofit schemes. Such conditions are:

traffic lanes which can’t be closed, vital utilities, restricted right-of-way, buildings,

maﬂy areas, etc. There are times when isolation is most
economlcal “but other constramts may dictate use of isolation, even if that solution is
not the most economical.

Regardless of motivation for choosing isolation, the designer must provide for
resulting displacements at abutments and intermediate joints. Total superstructure
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movement is comparable to a monolithic structure, however, the majority of the
movement occurs at the isolator rather than in column deflections.

The non-linear hysteretic behavior of the bearing can be modelled in STRUDL by
using a composite response spectrum. This spectrum is combined with the Caltrans
ARS Spectrum for 5% damping for the non-isolated modal responses and a modified
spectrum for isolated modes that reflect the 20-30% hysteretic damping of the
isolation bearing.

Specifications have been developed that generically describe the performance and
material requirements for the Isolation bearings. These specifications refer to the
structural plans for limiting force and displacement characteristics, and the hysteretic
behavior of the bearing.

As a precaution, isolation should generally be avoided when structures are found in
soft soil because long period characteristics of such soils can get in resonance with
the structure. Also, when structures have intermediate hinges (articulated), isolation
may create detrimental effects. Both of these situations can be accommodated, but the
designer must produce more intensified, complex analysis computations.

References for the practical use of isolation in bridge seismic design are given below:

1. “Seismic Isolation and Energy Dissipation, Implementation in Bridge Analysis
and Design,” Dynamic Isolation Systems, December 1990.

2. “PC Leader - Design of Lead Rubber Force Control and Seismic Isolation
Bearing,” Dynamic Isolation Systems (a PC computer design program), October
1990.

3. “AASHTO Guide Specifications for Seismic Isolation Design,” June 1991.

The designer should be aware of circumstances where isolation looks appropriate,
practical, and economical. The proposal should be introduced at the strategy meeting.
The strategy panel will judge the appropriateness of the isolation option, keeping in
mind the cautions expressed by the Seismic Advisory Board.

The following paragraph summarizes the views of Caltrans Seismic Advisory Board
on the use of seismic isolation for bridges.

“Base isolation can be used effectively to reduce seismically induced forces on

a structure provided 1) the isolation system has suitable force-displacement and
damping properties which will be maintained over the life of the structure; and
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2) the system will remain stable under the combined dead and seismic loadings
during a maximum expected event so that the overall system can safely tolerate
the associated large shear displacements produced in the isolation system.
Since the use of base isolation increases the fundamental period of an overall
structural system, the peak free-field ground acceleration is no longer a critical
parameter to the seismic response. In this case peak free-field ground velocity
becomes more critical and, with sufficient increase in period, the peak free-field
ground displacement becomes the most critical parameter. Therefore, the longer
period components of the free-field ground motion used as a basis for design
must be selected with special care. The installation of base isolation on existing
elevated and articulated viaducts is considered to be inappropriate. The Board
recommends that Caltrans proceed cautiously with any experimental program
of installing base isolation on other existing bridges and that it consider all of the
above factors in selecting isolation techniques and specific structures to be
treated. Similar caution should be exercised in designing base isolation mea-
sures for new construction. Because of the sensitivity of base isolated structures
to the longer periods of free-field ground motion, seismic isolation should be
avoided at soft sites such as those on San Francisco Bay fill.”

The Advisory Board’s views should be considered a serious caution, but in no way
arejection of seismic isolation. We must choose the most appropriate retrofit solution
which should include consideration of seismic isolation. Only controversial installa-
tion proposals, as determined by the strategy panel, must be studied and judged by the
Advisory Board.

Curvature and Displacement Ductility

‘This alternative to the moment ductility rct.roﬁt analys:s_ procedure is pr&ferred fori
mst situations. 0__ this vill al ifican t_reduct:on orelimination
o rctroﬁteffort Some of the situations wherc thxs proccdure canbe very valuable are:

R L R A e e

a. Low seismic areas: bridges in low seismic areas which are showing moderate to
large ductility demands by the moment duct;hty demand method should be
analyzed with this alternative.

b. Borderline retrofit cases: bridges which have borderline momcnt ductility de-
mands, regardless of the seismic area, should be in vesnuated with this alternative.

c. Do- nothmcr cases: some bridges are dcletcd from the program via strategy
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Figure C1 shows a flowchart of all steps used in the analysis/check of the transverse
response of a typical multi-column bent.

The designer must remember that the guidelines are based on limited analyses and
relatively simple structures (i.e., no curves or skews). The guidelines should not be
followed blindly. Earthquake investigations mdlcatc that IOnngdmal differential
movement at hinges can be large, bntnot

Geometric shape can also have some effects. For curved bridges, the designer cannot
investigate a single bent without considering effects of adjacent bents in the same
frame. The curved frame will actas a “milk stool” and w1ll tend to develop cychc axlal_

As designers use this method more often, problems and discoveries will be monitored.
New data will be passed along to designers and processes will be updated.
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